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Some new particle, usually assumed to be
	 WIMPs (Weakly Interacting Massive Particle)	
	 don’t interact electromagnetically, 
                       so dark by definition. 

Two big motivations:

1) total mass outweighs normal mass from BBN

2) needed to grow cosmic structure

Pruning the tree

Cold Dark Matter  (CDM)



or equivalently, the 
baryon fraction

(1) There’s more dark 
mass than baryons.

Ωm ≈ 6Ωb

From cosmology

From dynamics

fb = 0.17

The gravitating mass 
density exceeds the baryon 
density from Big Bang 
Nucleosynthesis (BBN)



(2) There isn’t enough time to form the observed
cosmic structures from the smooth initial conditions unless 

there is a component of mass independent of photons.

t = 3.8 x 105 yr t = 1.4 x 1010 yr

very smooth:  δρ/ρ ~ 10-5 very lumpy:  δρ/ρ ~ 1

δρ/ρ ∝ t2/3

These considerations made CDM the dominant paradgim



Only requirement to be CDM is

- dynamically cold (slow moving)
- non-baryonic (no E&M interactions)

could be
WIMPS

(or some other particle)
or

Black Holes
(masses of ~ 105 M⨀ conceivable)



WIMPs are considered the odds-on favorite CDM 
candidate because of the so-called `WIMP miracle’: 
the relic density of a new weakly interacting 
particle is about right to explain the mass density.

Two big motivations for CDM:

1) total mass outweighs normal mass from BBN

2) needed to grow cosmic structure



In the very early universe



Can imagine other candidates as well:

Warm DM (m ~ a few KeV)

Self-interacting DM
(posits new force that only acts in the dark sector)

etc.

Lots of particle candidates for CDM:

WIMPs
Axions

Light dark matter
wimpzillas (m > 1 TeV)

etc.



(1) and (2) hold only when gravity is normal.

Leaves room to consider modifications of 
dynamical laws (e.g., gravity or inertia) as 
alternatives to dark matter.

Motivations for non-baryonic Dark Matter:

1) total mass outweighs normal mass from BBN

2) needed to grow cosmic structure



Can exclude length-scale based modifications
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Radius where dynamical mass is double luminous mass

The mass discrepancy does not appear at a particular length scale



Potentially viable modified dynamical theories

MOND (Modified Newtonian Dynamics) [Milgrom]
can be interpreted as either a modification of gravity or of intertia

modification at a critical acceleration scale
a0 ~ 10-10 m/s/s

Conformal Weyl Gravity [Mannheim]
4th order extension of General Relativity

Others?
Not easy to build a theory that is consistent

with all known facts



Back to observations

Dark Matter has always been 
driven by data - specifically, 
astronomical observations of 
large structures like galaxies, 
clusters of galaxies, and the 
universe as a whole.

Enough with the crazy ideas



Coma cluster velocity dispersion

Colless & Dunn 1996



Coma
(smoothed)


